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METHOD 16B - DETERMINATION OF TOTAL REDUCED SULFUR
EMISSIONS FROM STATIONARY SOURCES

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and anal ytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nmethod should have a
knowl edge of at |east the follow ng additional test nethods:
Met hod 6C, Method 16, and Met hod 16A.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No.
Total reduced sul fur (TRS) N A
i ncl udi ng:
Di net hyl disul fide (DVDS), 62-49- 20
[ (CHs) »S;] 75-18-3
D met hyl sulfide (DVS), [(CH),S] 7783-06-4
Hydrogen sulfide (H,S) 74-93-1

Met hyl mercaptan (MeSH), [CH,S]

Reported as:
Sul fur di oxi de (SO,) 7449- 09-5

1.2 Applicability. This nethod is applicable for
determ ning TRS em ssions fromrecovery furnaces (boilers),
lime kilns, and snelt dissolving tanks at kraft pulp mlls,
and from ot her sources when specified in an applicable

subpart of the regulations. The flue gas nust contain at
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| east 1 percent oxygen for conplete oxidation of all TRS to
SO..

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 An integrated gas sanple is extracted fromthe
stack. The SO, is renoved selectively fromthe sanple using
a citrate buffer solution. The TRS conpounds are then
thermal ly oxidized to SO, and anal yzed as SO, by gas
chromat ography (GC) using flanme photonetric detection (FPD)
3.0 Definitions. [Reserved]

4.0 Interferences.

4.1 Reduced sul fur conmpounds ot her than those
regul ated by the em ssion standards, if present, may be
measured by this nmethod. Therefore, carbonyl sulfide, which
is partially oxidized to SO, and may be present in a line
kiln exit stack, would be a positive interferant.

4.2 Particulate matter fromthe line kiln stack gas
(primarily cal cium carbonate) can cause a negative bias if
it is allowed to enter the citrate scrubber; the particul ate
matter will cause the pHto rise and H,S to be absorbed

bef ore oxidation. Proper use of the particulate filter,
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described in Section 6.1.3 of Method 16A, wll elimnate
this interference.

4.3 Carbon nonoxide (CO and carbon di oxi de (CQO,)
have substantial desensitizing effects on the FPD even after
dilution. Acceptable systens nust denonstrate that they
have elimnated this interference by sone procedure such as
el uting these conpounds before the SO, Conpliance with
this requirement can be denonstrated by submtting
chromat ograns of calibration gases with and without CO in
di luent gas. The CO, | evel should be approximately 10
percent for the case with CO, present. The two
chromat ograns shoul d show agreenent within the precision
[imts of Section 13.0.

5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

5.2 Hydrogen Sulfide (HS). A flanmable, poisonous
gas with the odor of rotten eggs. H,S is extrenely

hazardous and can cause col |l apse, coma, and death within a
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few seconds of one or two inhalations at sufficient
concentrations. Low concentrations irritate the nucous
menbranes and may cause nausea, dizzi ness, and headache
after exposure.
6.0 Equipment and Supplies.

6.1 Sanple Collection. The sanpling train is shown in
Figure 16B-1. Modifications to the apparatus are accepted
provi ded the system performance check in Section 8.4.1 is
met .

6.1.1 Probe, Probe Brush, Particulate Filter, SO
Scrubber, Conbustion Tube, and Furnace. Sane as in Method
16A, Sections 6.1.1 to 6.1.6.

6.1.2 Sanpling Punp. Leakl ess Tefl on-coated di aphragm
type or equival ent.

6.2 Analysis.

6.2.1 Dilution System (optional), Gas Chromatograph,
Oven, Tenperature Gauges, Flow System Flanme Photonetric
Detector, Electroneter, Power Supply, Recorder, Calibration
System Tube Chanber, Flow System and Constant Tenperature
Bath. Same as in Method 16, Sections 6.2.1, 6.2.2, and 6. 3.

6.2.2 Gas Chromat ograph Colums. Sanme as in Method
16, Section 6.2.3. Oher colums wth denonstrated ability
to resolve SO, and be free fromknown interferences are

acceptable alternatives. Single colum systens such as a
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7-ft Carbsorb B HT 100 col um have been found satisfactory
in resolving SO from CO,.
7.0 Reagents and Standards.

Sanme as in Method 16, Section 7.0, except for the
fol | ow ng:

7.1 Calibration Gas. SO, perneation tube
gravinetrically calibrated and certified at sonme conveni ent
operating tenperature. These tubes consist of hernetically
seal ed FEP Teflon tubing in which a |liquefied gaseous
substance is enclosed. The encl osed gas perneates through
the tubing wall at a constant rate. Wen the tenperature is
constant, calibration gases covering a w de range of known
concentrations can be generated by varying and accurately
measuring the flow rate of diluent gas passing over the
tubes. In place of SO, perneation tubes, cylinder gases
containing SO, in nitrogen may be used for calibration. The
cylinder gas concentration nust be verified according to
Section 8.2.1 of Method 6C. The calibration gas is used to
calibrate the GO FPD system and the dilution system

7.2 Recovery Check Gas.

7.2.1 Hydrogen sulfide [100 parts per mllion by
volume (ppmv) or less] in nitrogen, stored in alum num
cylinders. Verify the concentration by Method 11, the

procedure discussed in Section 16.0 of Method 16A, or gas
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chromat ography where the instrunent is calibrated with an
H,S perneation tube as descri bed below. For the wet-
chem cal nmethods, the standard devi ati on shoul d not exceed 5
percent on at |east three 20-m nute runs.

7.2.2 Hydrogen sulfide recovery gas generated froma
perneation device gravinetrically calibrated and certified
at sone conveni ent operation tenperature may be used. The
perneation rate of the device nmust be such that at a
dilution gas flowrate of 3 liters/mn (64 ft3 hr), an HS
concentration in the range of the stack gas or within 20
percent of the em ssion standard can be generat ed.

7.3 Conbustion Gas. Gas containing |l ess than 50 ppbv
reduced sul fur conmpounds and | ess than 10 ppnv tot al
hydrocarbons. The gas may be generated froma clean-air
systemthat purifies anbient air and consists of the
foll ow ng conponents: diaphragm punp, silica gel drying
tube, activated charcoal tube, and flow rate nmeasuring
device. Gas froma conpressed air cylinder is also
accept abl e.

8.0 Sample Collection, Preservation, Storage, and
Transport.
8.1 Pretest Procedures. Sane as in Method 15,

Section 8. 1.
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8.2 Sample Collection. Before any source sanpling is
performed, conduct a system performance check as detailed in
Section 8.4.1 to validate the sanpling train conponents and
procedures. Although this test is optional, it would
significantly reduce the possibility of rejecting tests as a
result of failing the post-test performance check. At the
conpl etion of the pretest system performance check, insert
the sanpling probe into the test port naking certain that no
dilution air enters the stack though the port. Condition
the entire systemw th sanple for a m nimumof 15 m nutes
bef ore beginning analysis. |[If the sanple is diluted,
determine the dilution factor as in Section 10.4 of
Met hod 15.

8.3 Analysis. Inject aliquots of the sanple into the
GC/ FPD anal yzer for analysis. Determ ne the concentration
of SO, directly fromthe calibration curves or fromthe
equation for the |east-squares |ine.

8.4. Post-Test Procedures

8.4.1 System Performance Check. Sanme as in Method
16A, Section 8.5. A sufficient nunber of sanple injections
shoul d be nmade so that the precision requirenments of
Section 13.2 are satisfied.

8.4.2 Determnation of Calibration Drift. Sane as in

Met hod 15, Section 8. 3. 2.
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9.0 Quality Control.

Section Quality Control Measure Ef f ect

8.2, 8.3 System performance check Ensure validity of
sanpling train
conponents and
anal ytical procedure

8.1 Sanpl i ng equi pnent | eak- Ensure accurate
check and calibration measur enent of stack
gas flowrate
sanpl e vol une

10.0 Anal ytical calibration Ensure precision of
anal ytical results
within 5 percent

10.0 Calibration.

Sane as in Method 16, Section 10, except SO, i s used
i nstead of H,S.
11.0 Analytical Procedure.

11.1 Sanple collection and anal ysis are concurrent
for this nmethod (see section 8. 3).
12.0 Data Analysis and Calculations.

12.1 Nomencl at ure.

Cse = Sul fur dioxide concentration, ppnv.

Cirs = Total reduced sul fur concentration as determ ned

by Equation 16B-1, ppnv.

d = Dilution factor, dinensionless.

N = Nunber of sanpl es.

12.2 SO, Concentration. Determ ne the concentration

of SO, Csp, directly fromthe calibration curves.
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Alternatively, the concentration nay be cal cul ated using the
equation for the |east-squares |ine.

12.3 TRS Concentrati on.

Crrs = Cso2 d Eq. 16B-1

12.4 Average TRS Concentration

TRS Eq. 16B-2

13.0 Method Performance.

13.1 Range and Sensitivity. Coupled with a GC using a
1-mM sanple size, the maximnumlimt of the FPD for SO, is
approximately 10 ppnmv. This |limt is extended by diluting
the sanpl e gas before analysis or by reducing the sanple
al i quot size. For sources with em ssion |evels between 10
and 100 ppm the measuring range can be best extended by
reduci ng the sanpl e size.

13.2 GC/FPD Calibration and Precision. A series of
t hree consecutive injections of the sanple calibration gas,
at any dilution, nust produce results which do not vary by
nore than 5 percent fromthe nean of the three injections.

13.3 Calibration Drift. The calibration drift

determ ned fromthe nean of the three injections nade at the
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begi nning and end of any run or series of runs within a 24-
hour period nust not exceed 5 percent.

13.4 System Calibration Accuracy. Losses through the
sanpl e transport system nust be neasured and a correction
factor devel oped to adjust the calibration accuracy to 100
per cent .

13.5 Field tests between this nethod and Met hod 16A
showed an average difference of |ess than 4.0 percent. This
di fference was not determned to be significant.

14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
16.0 References.

1. Sane as in Method 16, Section 16.0.

2. National Council of the Paper Industry for Air and
Stream | nprovenent, Inc, A Study of TRS Measurenent Met hods.
Technical Bulletin No. 434. New York, NY. May 1984. 12p

3. Margeson, J.H, J.E. Knoll, and MR Mdgett. A Mnual
Met hod for TRS Determ nation. Draft available fromthe
aut hors. Source Branch, Quality Assurance D vision, US.
Envi ronmental Protection Agency, Research Triangle Park, NC
27711.

17.0 Tables, Diagrams, Flowcharts, and Validation Data.



goBWN
aqn|

1033

stabuiduy
Buganps’os

Jezheuy
OISOy awel
olydeiBoyeiaiy) ses

Ja U
xog JejeaH

eqad

Method 16B Sampling Train.

Figure 16B-1.
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